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ABSTRACT
We present time-resolved spectral analysis of prompt emission from GRB 160625B, one of the brightest bursts ever detected by Fermi
in its nine years of operations. Standard empirical functions fail to provide an acceptable fit to the GBM spectral data, which instead
require the addition of a low-energy break to the fitting function. We introduce a new fitting function, called 2SBPL, consisting of
three smoothly connected power laws. Fitting this model to the data, the goodness of the fits significantly improves and the spectral
parameters are well constrained. We also test a spectral model that combines non-thermal and thermal (black body) components,
but find that the 2SBPL model is systematically favoured.The spectral evolution shows that the spectral break is located around
Ebreak ∼100 keV, while the usual νFν peak energy feature Epeak evolves in the 0.5 − 6 MeV energy range. The slopes below and above
Ebreak are consistent with the values –0.67 and –1.5, respectively, expected from synchrotron emission produced by a relativistic
electron population with a low-energy cut-off. If Ebreak is interpreted as the synchrotron cooling frequency, the implied magnetic field
in the emitting region is ∼ 10 Gauss, i.e. orders of magnitudes smaller than the value expected for a dissipation region located at
∼ 1013−14 cm from the central engine. The low ratio between Epeak and Ebreak implies that the radiative cooling is incomplete, contrary
to what is expected in strongly magnetized and compact emitting regions.
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1. Introduction
The physics of gamma-ray burst (GRB) prompt emission is
still debated. The main radiative process responsible for the ob-
served soft γ-ray emission has not been clearly identified even
fifty years after their discovery. Independently from the details
of the acceleration mechanisms (shocks at internal collisions
or in magnetic reconnection events), the presence of energized
electrons and strong magnetic fields points toward synchrotron
radiation as the most natural and efficient process for conver-
sion of particle energy into non-thermal γ-ray radiation (Rees
& Meszaros 1994; Katz 1994; Tavani 1996; Sari et al. 1996,
1998). The simplest predictions from synchrotron radiation in
the fast cooling regime are, however, inconsistent with the shape
of the observed prompt emission spectra. Below the peak en-
ergy of the νFν spectrum, the photon index indeed has a typ-
ical value 〈α〉 ∼ −1 (Preece et al. 1998; Frontera et al. 2000;
Ghirlanda et al. 2002; Kaneko et al. 2006; Sakamoto et al. 2011;
Nava et al. 2011; Goldstein et al. 2012; Gruber et al. 2014; Lien
et al. 2016). This slope is harder than the predicted αsyn = −1.5
expected in the case of synchrotron emission from a population
of non-thermal electrons undergoing efficient cooling (Ghisellini
et al. 2000).
Different solutions for this major inconsistency have been
proposed in the literature. Within the synchrotron scenario,
harder spectra can be achieved in some non-standard configu-
rations. These include a magnetic field decaying downstream on
timescales shorter than the dynamical one (Pe’er & Zhang 2006;
Zhao et al. 2014) or decaying with the distance from the cen-
tral engine (Uhm & Zhang 2014), highly anisotropic magnetic
fields (Medvedev 2000), synchrotron self-absorption frequency
close to the X-ray range (Lloyd & Petrosian 2000; Daigne et al.
2011), inverse Compton scattering in the Klein–Nishina regime
(Derishev et al. 2001; Nakar et al. 2009; Daigne et al. 2011).
In two recent studies, Oganesyan et al. (2017a) and
Oganesyan et al. (2017b) extended the investigation of the
prompt emission spectra down to the soft X-ray band, taking ad-
vantage of 34 Swift GRBs with prompt emission observed not
only by the Burst and Alert Telescope (BAT; 15–150 keV), but
also by the X-ray Telescope (XRT; 0.3–10 keV). Time-resolved
XRT+BAT joint spectral analysis has revealed the necessity of
going beyond the standard fitting models, by adding a further,
hard power-law segment at low energy. In the GRBs considered
by Oganesyan et al. (2017a,b), the energy Ebreak at which the
spectrum breaks, assumes values in the range 2–30 keV. In both
studies, this break is required with high statistical significance
(more than 3σ) in ∼ 65% of the analysed spectra. These spectra
also display a peak energy Epeak, with values similar to those of
the whole population, i.e. ranging from 10 keV to 1 MeV. The
photon index α1 describing the spectrum below the break en-
ergy has a distribution peaked around –0.6, while the photon in-
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dex α2 describing the spectral segment between Ebreak and Epeak
has a mean value of –1.5. The similarity between these mean
values and the values expected from synchrotron fast cooling
radiation (αsyn1 = −0.67 and αsyn2 = −1.5) lead to identifying
Ebreak with the cooling frequency and Epeak with the character-
istic synchrotron frequency. Moreover, the relatively low ratio
Epeak/Ebreak ∼ 30 found in these spectra corresponds to a regime
of moderately fast cooling.
Since the Ebreak distribution inferred by these first studies ex-
tends up to 30 keV, an immediate follow-up question is whether
in the Fermi database there are bursts showing a similar spectral
break to those found by Oganesyan et al. (2017a,b). Thanks to
the energy range of sensitivity characterizing the Gamma Burst
Monitor (GBM; 8 keV–40 MeV) on board Fermi, it should be
possible to find these breaks and study whether they are also
present at higher energies. Moreover, if a low-energy spectral
break is found in bright GBM GRBs, a time-resolved analysis
would then allow to study, for the first time in detail, if and how
this break energy evolves in time and with respect to the peak
energy.
In this work, we consider a test case event (GRB 160625B)
satisfying two conditions: it has a great deal of photon statistics
and it is poorly fitted by standard fitting functions, as reported in
the online GBM GRB spectral catalogue1.
According to the GBM Catalog, GRB 160625B is the third
burst with the largest fluence (5.7×10−4 erg cm−2 in the 10 −
103 keV energy range) detected by Fermi. At a redshift of z =
1.406 (Xu et al. 2016) its isotropic energy is Eiso ∼ 5 × 1054 erg.
This GRB has been extensively studied in the literature, due to
its extremely large fluence and long duration (Zhang et al. 2016;
Wang et al. 2017; Lü et al. 2017), to the rich data sets covering its
afterglow emission, and to polarization measurements (Alexan-
der et al. 2017; Troja et al. 2017).
Time-resolved prompt spectral analysis performed by Zhang
et al. (2016), suggested the presence of a black-body (BB) spec-
trum in the first peak (the precursor), and a non-thermal spec-
trum during the main emission episode. This spectral transi-
tion was interpreted as being caused by the transition from a
matter-dominated jet to a magnetically dominated jet. Wang
et al. (2017) adopted a composition of Band function (Band et al.
1993) with a high-energy cut-off and BB component. A simi-
lar two-component model is adopted by Lü et al. (2017). What
appears common in these models is the presence, sometimes si-
multaneous, of a BB and a non-thermal component.
We revisit these analyses in light of the recent findings by
Oganesyan et al. (2017a,b) and test their proposed fitting model
(i.e. one single component with a spectral break in the low-
energy part of the spectrum). The data extraction and analysis
method are described in § 2. The results obtained from the mod-
elling of time-integrated and time-resolved spectra are reported
in § 3 and § 4, respectively. § 5 presents a discussion of the re-
sults. The main findings are summarized in § 6.
2. Method
2.1. Detectors and energy range selection
The GBM is composed of 12 sodium iodide (NaI, 8 keV to
1 MeV) and two bismuth germanate (BGO, 200 keV to 40 MeV)
scintillation detectors. We analysed the data from the two NaI
with the highest count rates, namely NaI 6 and NaI 9, and
from both BGO detectors. Data were retrieved from the on-
1https://heasarc.gsfc.nasa.gov/W3Browse/fermi/fermigbrst.html
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Fig. 1. Background-subtracted light curves of GRB 160625B detected
by NaI 9 (8 keV–900 keV, top), BGO 1 (300 keV–40 MeV, middle), and
LAT–LLE (30 MeV–100 MeV, bottom).
line archive1, and analysed using the dedicated software RM-
FIT (v. 4.3.2).
We adopted the procedure explained in the Data Analysis
Threads and Caveats2. In particular, we selected energy channels
in the range 8–900 keV for NaI detectors, and 0.3–40 MeV for
BGO detectors, and excluded channels in the range 30–40 keV
due to the presence of the Iodine K-edge at 33.17 keV. A free
inter-calibration constant factor between the NaI and BGO de-
tectors is included. Background spectra are selected in time in-
tervals far from the burst and fitted with a fourth-order polyno-
mial function. The most updated response matrix files (released
on September 6, 2017) have been adopted in our analysis.
GRB 160625B has also been detected by the LAT on board
Fermi (Wang et al. 2017; Lü et al. 2017, e.g.). The time-
integrated analysis of the main event has been performed us-
ing GBM data alone and adding, at a later stage, the LAT Low
Energy events (LLE data, 30–100 MeV), performing a simulta-
neous fit with the RMFIT software. LAT-LLE data have been
extracted from the online Fermi LLE Catalog3.
2.2. Time interval selection
We analysed the CSPEC data, which provide a time resolution
of 1.024 s and high spectral resolution, comprising 128 logarith-
mically spaced energy channels. Figure 1 shows the light curve
in three different energy ranges: 8–900 keV (upper panel, NaI 9),
0.3–40 MeV (middle panel, BGO 1), and 30–100 MeV (bottom
panel, LLE). Three different emission episodes separated by
long quiescent times are visible: a precursor at T = T0, the main
event ∼ 180 s later (lasting approximately 30 s), and a faint, soft,
long-lasting (∼ 300 s) emission starting at T ∼ T0+ 500 s.
2https://fermi.gsfc.nasa.gov/ssc/data/
3https://heasarc.gsfc.nasa.gov/W3Browse/fermi/fermille.html
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We present the results of time-integrated and time-resolved
spectral analysis on the main emission episode. Spectral anal-
yses of the precursor and last soft emission episode were per-
formed and are presented in Appendix A. For all three episodes,
the time interval over which the spectrum was accumulated is
marked with vertical dashed lines in Fig. 1.
For the main emission episode, the time interval for spec-
tral analysis was selected requiring a signal-to-noise ratio (S/N)
higher than 20 in the brightest BGO (BGO 1). This criterion re-
sults in the selection of the time interval 186.40–207.91 s. We
performed the analysis of the spectrum integrated over this time
interval (time-integrated spectrum) and of the 21 bins (time-
resolved spectra), with time integration of 1.024 s each, dis-
tributed within the above time interval.
2.3. Preliminary analysis: evidence of deviation from
standard models
The Fermi-GBM GRB Catalog reports the results of the analy-
sis on the spectrum integrated between Tstart − T0 = −44 s and
Tstop − T0 = 789 s. According to this analysis, among a sim-
ple power law (PL), a cut-off power law (CPL), a Band model,
and a smoothly broken power law (SBPL), the best model is the
last, with α = −1.021 ± 0.004, Epeak = (511 ± 27) keV, and
β = −2.096 ± 0.014. The reduced chi-square is, however, ex-
tremely large, χ2red = 4.20. This suggests that none of the stan-
dard models provides a good fit for this spectrum.
We restrict the analysis to the main emission episode
(186.40–207.91 s). This choice also gives us the possibility to
check if the poor fit is caused by strong spectral evolution from
the precursor to the late time soft emission. A SBPL function
(see equation 1) returns α = −0.722 ± 0.004, Epeak = 327.5 ±
2.8 keV, β = −2.184 ± 0.005, and χ2red = 6.51. The chi-square
is again very large, and the fit has not improved. The spectrum
and SBPL fit are shown in the upper panel of Fig. 3, together
with the data-to-model residuals (in units of the data standard
error). Residuals are characterized by a systematic trend, with
broad excesses peaking around 60 keV and 600 keV.
A possible solution to improve the fit, which has been typ-
ically considered in the literature in this and in similar cases
(Zhang et al. 2016; Wang et al. 2017; Lü et al. 2017), is to add
a BB component. We test this possibility and perform a spec-
tral fit with a two-component model, SBPL+BB, shown in the
middle panel of Fig. 3. The chi-square reduces to χ2red = 1.97,
and the BB temperature is found at kT = 34.45+0.39−0.38 keV, and
accounts for the low-energy excess that was evident around
60 keV in the top panel of Fig. 3. The peak energy of the
SBPL component shifts to higher energies (almost a factor of 2,
Epeak = 576.3+6.15−5.99 keV), eliminating the excess that was visible
in the one-component SBPL fit at 600 keV. The SBPL photon in-
dices also change considerably after the BB is added, becoming
α = −0.914 ± 0.005, β = −2.432 ± 0.010.
Oganesyan et al. (2017a) suggested that an alternative so-
lution to the presence of a BB is to consider a one-component
model with a break in the low-energy part of the spectrum (for
a comparison of these models, see Fig. 2, green and red curves).
Following the results from Oganesyan et al. (2017a,b), we test
this possibility. To this end, we modify the SBPL function to in-
clude a low-energy break and an additional PL segment below
the break.
2.4. Double smoothly broken power law (2SBPL)
The single-component spectral models traditionally used to fit
the GBM spectra (e.g. Kaneko et al. 2006) include a PL, a CPL,
the Band model, and a SBPL. The advantage of the SBPL with
respect to the Band model is that it allows the smoothness of the
curvature connecting the two PL segments to be changed. The
SBPL function used in the GBM Catalog is defined in Kaneko
et al. (2006). In order to easily extend the definition of the SBPL
to more than one break, in this work we start from a different
definition:
NSBPLE = AE
α
j
[(
E
Ej
)−αn
+
(
E
Ej
)−βn]− 1n
, (1)
where
Ej = Epeak ·
(
−α + 2
β + 2
) 1
(β−α)n
. (2)
In Eq. (1) NE is the photon spectrum (i.e. number of photons per
unit area, per unit time, and per unit energy). The free param-
eters are the amplitude A, the low-energy spectral index α, the
peak energy of the E2NE spectrum Epeak, the high-energy spec-
tral index β, and the smoothness parameter n (higher values of n
correspond to sharper curvatures).
In the GBM Catalog the smoothness parameter is called Λ
and is kept fixed to Λ = 0.3 for all GRBs (see Kaneko et al.
2006 for an explanation). In order to perform a fit that can be
compared to the one reported in the GBM Catalog, our smooth-
ness parameter n, which has a different definition, has been fixed
to the value n = 2.69, corresponding to Λ = 0.3.
We extend the SBPL mathematical function to include a sec-
ond break energy and a third power-law segment:
N2SBPLE = A E
α1
break
[ [(
E
Ebreak
)−α1n1
+
(
E
Ebreak
)−α2n1] n2n1
+
+
(
E
Ej
)−β n2
·
[(
Ej
Ebreak
)−α1n1
+
(
Ej
Ebreak
)−α2n1] n2n1 ]− 1n2
, (3)
where
Ej = Epeak ·
(
−α2 + 2
β + 2
) 1
(β−α2) n2
. (4)
The free parameters are the amplitude A, the photon index
α1 below the break energy, the break energy Ebreak, the photon
index α2 between the break and the peak energies, the peak en-
ergy Epeak, the high-energy photon index β, and the smoothness
parameters n1 (for the break) and n2 (for the peak).
As before, we fix the curvature around the peak energy to the
value n2 = 2.69. After performing time-resolved spectral fitting
by leaving n1 free to vary, we realized that the model parameters
of the fit are not always constrained, and so we also decided to
fix the value of n1. We fix n1 to the mean value of the distribution
inferred when it is left free to vary: n1 = 5.38. This corresponds
to a sharper curvature than the curvature around the peak energy.
The 2SBPL model (Eq. 3) is nested into the SBPL (Eq. 1).
The fits obtained from the two models can then be compared
through an F-test (Protassov et al. 2002). We implemented the
SBPL4 and the 2SBPL in RMFIT.
4For the reasons discussed in e.g. Cabrera et al. (2007) and
Calderone et al. (2015), the version of the SBPL we implemented in
the library of RMFIT uses Epeak as free parameter rather than Ej, so that
the result of the fit gives directly Epeak.
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Fig. 2. Comparison between the SBPL model (blue curve), SBPL+BB
(green solid curve), and 2SBPL (red curve). Normalizations are arbi-
trary.
These models are shown (assuming typical parameters for
the photon indices) in Fig. 2 (SBPL in blue and 2SBPL in red).
For comparison, we also show a SBPL+BB (green line). As is
evident, the overall effect of adding a (non-dominant) BB is sim-
ilar to the effect of considering a softer SBPL (i.e. more con-
sistent with synchrotron, α2 = −1.5) and adding a break at low
energies. The final functions have a similar shape (red and green
solid lines in Fig. 2).
3. Time-integrated analysis
We fit the 2SBPL function, defined in equation 1, to the time-
integrated spectrum of the main emission episode (time inter-
val 186.40–207.91 s). The result is shown in the bottom panel of
Fig. 3. The chi-square is χ2red = 701.9/462 = 1.52, correspond-
ing to an improvement at more than 8σ compared to the SBPL
fit.
A spectral break is found at Ebreak = (107.8 ± 1.9) keV.
The peak energy increases (compared to previous tested mod-
els) to Epeak = 673.5 ± 10.8 keV. The photon indices below
and above Ebreak have best fit values α1 = −0.62 ± 0.01 and
α2 = −1.50 ± 0.01, respectively. These values are very close to
those expected from synchrotron emission from a cooled popu-
lation of electrons.
We recall that the same spectrum, when modelled with a
SBPL+BB (section 2.3) gives χ2red = 909.7/462 = 1.97. Since
the SBPL+BB and 2SBPL are not nested models, but have the
same number of degrees of freedom, they can be compared in
terms of χ2 and associated probability. This comparison favours
the 2SBPL model. However, we note that both fits have a large
reduced chi-square. The main contribution comes from the in-
consistency between the two NaI, especially at low energies (i.e.
in some energy ranges, one is systematically above/below the
other).
Since in the time interval we are considering for the time-
integrated analysis, LAT observations are also available, it is
worth investigating their consistency with the GBM data. We
find the LLE data do not lie on the extrapolation of the BGO
data: they instead reveal the presence of a softening at high en-
ergies. In order to model this softening, we modify the 2SBPL
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Fig. 3. Time-integrated spectrum of the main event (186.40–207.91 s).
Three different models are tested: SBPL, SBPL+BB, and 2SBPL (from
top to bottom). Different colours refer to different instruments, as ex-
plained in the legend. In each panel, the bottom stripe shows the model
residuals.
by adding an exponential cut-off at high energy. The fit shown
in Fig. 4 with the solid black line. The LLE data are shown
with purple symbols. The best fit value of the cut-off energy (de-
fined as the energy at which the flux is suppressed by a factor
∼ 1/e as compared to the simple PL extrapolation) is Ecut =
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Fig. 4. Time-integrated spectrum (186.40–207.91 s) from 8 keV to
100 MeV, including LAT-LLE data. The model (black solid line) is a
2SBPL with a high-energy exponential cut-off.
50.3+7.4−13.2 MeV, and the reduced chi-square is χ
2
red = 1.51. All
the other spectral parameters (photon indices, low-energy break
and peak energies) are consistent with those obtained when LLE
data are not included: α1 = −0.62 ± 0.01, Ebreak = 107.3+1.9−1.6,
α2 = −1.49 ± 0.02, Epeak = 668.7+14.4−9.2 , and β = −2.54+0.03−0.02. If in-
terpreted as being caused by photon-photon annihilation, the cut-
off at ∼ 50 MeV corresponds to a Lorentz factor ∼ 200 − 250,
for a variability timescale ∼ 1 − 0.1 s (Lithwick & Sari 2001).
Similar cut-off energies have been identified, from simultaneous
modelling of GBM and LLE data, by Vianello et al. (2017).
We also tested a model where the high-energy softening is
modelled by an additional power law instead of an exponential
cut-off, i.e. a model with four power-law segments connected
smoothly by three breaks. This fit has a reduced chi-square
χ2red = 1.51, equal to that obtained when an exponential cut-off
is used. The highest energy break (i.e. above the peak energy) is
found at 27.3+4.8−6.7 MeV. The power-law segment above the high-
energy break has photon index −3.5±0.2. The values of the other
parameters are similar to those found when the softening is mod-
elled using an exponential cut-off. If we interpret the break at
27.3 MeV as being due to photon-photon annihilation, we esti-
mate a Γ ∼ 150 − 200, and the MeV-GeV power-law segment
can be explained by emission and absorption taking place in the
same region.
4. Time-resolved spectral analysis
In order to check whether the low-energy break identified in
the time-integrated spectrum is also present in the time-resolved
spectra and study its evolution with time, we divided the time in-
terval 186.40–207.91 s into 21 time bins, with 1.024 s integration
each. As for the time-integrated analysis, we tested the three fol-
lowing models: SBPL, 2SBPL, and SBPL+BB (see Fig. 2). The
results obtained from the different models (best fit parameters,
photon and energy flux, chi-square and degrees of freedom, fit
probability, and F-test) are listed in Table B.1 (SBPL), Table B.2
(2SBPL), and Table B.3 (SBPL+BB).
First, we compared through an F-test the SBPL and 2SBPL
models for all 21 time-resolved spectra. In 19 spectra (i.e. all
spectra except the last two, where the flux is small), the 2SBPL
improves the SBPL fit at more than 3σ, which we take as the
0:001 0:01 0:1 1
Prob SBPL + BB
0:1
0:2
0:5
1
P
ro
b
2S
B
P
L
Fig. 5. Fit probability for time-resolved spectra: comparison between
fits performed with a 2SBPL model (y-axis) and with a SBPL+BB
model (x-axis). The two models have the same number of degrees of
freedom. The equality line is shown as a solid black line.
threshold value for the definition of the best fit model. More
specifically, in all these 19 spectra the fit improves at more than
4.8σ (more than 8σ in 13 cases).
Before presenting the temporal evolution of the 2SBPL
best fit parameters, we comment on the SBPL+BB fits. The
SBPL+BB model also leads to a significant improvement of the
fit over the SBPL. A comparison between SBPL and SBPL+BB
in terms of F-test, however, cannot be performed.
A comparison between 2SBPL and SBPL+BB can instead
be performed in terms of probability of their χ2 since they are
not nested models, but have the same number of parameters and
degrees of freedom. The chi-square probability is reported in Ta-
ble B.2 and Table B.3 for each time-resolved spectrum, for the
2SBPL and SBPL+BB models, respectively. The two probabili-
ties are compared in Fig. 5, where the equality line is shown as
a solid black line. The probabilities of the 2SBPL are systemat-
ically larger than those resulting from an SBPL+BB fit. The fits
with the 2SBPL and with the SBPL+BB shift the spectral peak at
slightly higher values than the SBPL: this result has been found
in all the time-resolved spectra (see Appendix B). Notably, the
break energy of the 2SBPL coincides with the peak of the BB
component.
As an example, in Fig. 6 we show the results obtained from
the spectrum at the peak of the light curve (time bin 188.45 s–
189.47 s). Similarly to the time-integrated spectrum, a SBPL
model (top panel) has large residuals, displaying a characteristic
trend. The situation largely improves both when a BB compo-
nent is added (middle panel) and when the SBPL is modified to
have one additional PL (2SBPL, bottom panel).
In the peak spectrum the statistical comparison based on the
chi-square firmly favours a 2SBPL model over the SBPL+BB:
χ22SBPL = 1.07 (P2SBPL = 0.15) and χ
2
SBPL+BB = 1.23
(P2SBPL = 6×10−4). In particular, the SBPL+BB function seems
to underestimate the energy of the spectral peak (ESBPL+BBpeak ∼
1 MeV), which is instead better modelled by the 2SBPL func-
tion (E2SBPLpeak ∼ 1.5 MeV).
We give a tentative explanation of why in this spectrum the
data favours the 2SBPL model over the SBPL+BB. The peak
spectrum is the spectrum that simultaneously maximizes two
conditions: Epeak and Ebreak should be well separated (with a ra-
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tio & 10, see bottom panel in Fig. 7) and the photon statistics
should be large (this bin corresponds to the peak flux of the light
curve). In the SBPL+BB model, the BB is used to model the
break energy and the peak of the non-thermal component is used
to model the peak of the spectrum. When these two features are
far from each other, the SBPL+BB model predicts a dip between
the BB peak and the SBPL peak. If such a dip is not present in the
data, the SBPL+BB model is then forced (in order to minimize
the chi-square) to lower the value of the SBPL peak energy in or-
der to keep large the flux between 500 keV and 1 MeV. However,
this will result in a slightly worse modelling of the data around
the spectral peak.
We then suggest that bright spectra with high ratios between
Epeak and the low-energy hardening are the best cases to distin-
guish between the two competing models.
4.1. Spectral evolution
The temporal evolution of the spectral parameters inferred from
the 2SBPL fits are reported in Fig. 7. The upper panel shows
the light curve of the main emission episode with a 1.024 s tem-
poral resolution. The vertical dashed lines denote the time bins
selected for time-resolved spectral analysis. In the second and
third panel, the evolution of the photon indices are displayed.
The fourth panel shows the temporal evolutions of Epeak (red
symbols) and Ebreak (blue symbols). Their ratio is given in the
bottom panel.
Epeak exhibits a strong evolution (a softening) in the first
5 seconds, after which it settles to a nearly constant value
(Epeak∼ 500 − 600 keV). Ebreak displays a similar evolution, but
the initial softening is much less pronounced. After the first
few seconds, Ebreak also displays a nearly constant behaviour
(Ebreak∼ 100 keV). The ratio Epeak/Ebreak varies from ∼ 35 at
the very beginning to ∼5 at later times.
We investigate the presence of a correlation between Epeak
and Ebreak; Epeak versus Ebreak is shown in Fig. 8. The Spearman
correlation coefficient is ρ = 0.61, with a chance probability P =
0.009. Assuming a power-law model, we find
Epeak
700 keV
= (0.81 ± 0.06)
( Ebreak
100 keV
)3.69±0.26
. (5)
The power-law fit is shown in Fig. 8 by a solid black line.
Figure 9 shows the distributions of the spectral indices of
the 2SBPL model fits. If modelled with Gaussian functions, the
mean values are 〈α1〉 = −0.63 (σ = 0.08) and 〈α2〉 = −1.48
(σ = 0.09). These values are remarkably consistent with stan-
dard synchrotron fast cooling emission, predicting αsyn1 = −2/3
and αsyn2 = −3/2.
For completeness we have also analysed the spectrum of the
precursor and of the last dim/long emission episode. We find that
for both episodes the best fit model is a CPL. Data analysis and
results are given in Appendix A.
5. Discussion
In the majority of the spectra of the main emission episode of
GRB160625B, an SBPL+BB model returns a similarly good fit
to that of the 2SBPL model.We argued that a possible way to
distinguish between the two models is to consider spectra with
a large flux and a high ratio between the peak energy and the
low-energy feature. In this case, if no dip is present in the data
between the low-energy feature and the spectral peak, the 2SBPL
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Fig. 6. Time-resolved spectrum accumulated in the time interval
188.45–189.47 s (peak of the light curve). Different spectral models are
tested: a SBPL (upper panel), SBPL+BB (middle), and 2SBPL (lower
panel).
model will fit this intermediate region with a PL, and will be able
to satisfactorily model the spectral peak. The SBPL+BB model
will instead be forced to place the peak of the SBPL component
at lower energies (compared to the location of the spectral peak),
resulting in a larger chi-square.
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Fig. 7. Time evolution of the spectral parameters of the 2SBPL model
(Table B.1) for time-resolved spectra where the 2SBPL fit improves
at more than 3σ the SBPL fit (all bins but the last two). From top to
bottom: Count rate light curve (with 1.024 s time resolution), photon
indices below and above the break (yellow and green symbols, respec-
tively), spectral index above the peak energy (purple symbols), peak
and break energy (red and blue symbols, respectively), and ratio be-
tween peak and break energy (pink symbols). For an explanation of the
notation used for the 2SBPL parameters, see Fig. 2 (red line).
Another difference between the two models is in their con-
nection to physically motivated models. The 2SBPL returns pho-
ton indices that are remarkably close to those expected in syn-
chrotron spectra. Moreover, this model does not require to in-
voke the interplay between two different components: one sin-
gle component explains the data from keV to MeV energies.
Instead, in the competing SBPL+BB model, the SBPL compo-
nent does not have a straightforward interpretation, since its low-
energy photon index has a distribution peaked at 〈α〉 = −0.88
(σ = 0.21). We also tested how the two models compare when
their low-energy power-law slope is fixed to the value expected
for synchrotron emission, i.e. −2/3. While most (90%) of the fits
with the 2SBPL−2/3 have a χ2 probability > 10−2, and the best
fit parameters are similar to those obtained when the low-energy
spectral index is left free to vary, in the case of the SBPL+BB−2/3
only 45% of the time-resolved spectra have a probability > 10−2.
Therefore, for our discussion, we assume that the spectrum is
produced by optically thin synchrotron radiation, and we derive
implications on the properties of the magnetic field in a simple
standard scenario.
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Fig. 8. Correlation between the peak energy Epeak and the break energy
Ebreak of the 2SBPL model in the time-resolved analysis. The values
from the first four time bins are indicated by red symbols, while later
times are by blue symbols. Error bars show uncertainties at 1σ.
Within this scenario, we identify Ebreak with the cooling
frequency νc and Epeak with the characteristic synchrotron fre-
quency νm. We show in Fig. 7 that Ebreak and Epeak are fairly
close to each other. Figure 7 (bottom panel) shows the time evo-
lution of the ratio Ebreak/Epeak ∼ 5. The relatively small ratio
between Epeak and Ebreak corresponds to what is generally re-
ferred to as a marginally fast cooling regime, i.e. a situation in
which νcool . νmin (Daigne et al. 2011; Beniamini & Piran 2013).
This regime, which is still efficient in terms of radiated energy
(Daigne et al. 2011), requires a relatively long cooling timescale.
Ghisellini et al. (2000) argued that the radiative cooling
timescale of electrons is much shorter than the dynamical
timescale. In this case, between the cooling frequency νc and the
characteristic synchrotron frequency νm, the flux density scales
as Fν ∝ ν−1/2. Considering a population of electrons of energy
γmec2, within a shell moving with bulk Lorentz factor Γ and with
comoving magnetic field B′, the radiative cooling timescale (in
the observer frame) for synchrotron emission is
tobscool =
γ
γ˙
(1 + z)
Γ
=
6pimec
σTB′2γ(1 + Urad/UB)
(1 + z)
Γ
, (6)
where Urad and UB are the radiation and magnetic energy den-
sities, respectively. Our time-resolved spectral analysis was per-
formed considering spectra with an integration time of 1.024 s.
Therefore, we can derive a limit on B′ by requiring tobscool ≥1 s.
We can express γ as a function of the synchrotron frequency,
νs = 3.6 × 106 B′ γ2 Γ/(1 + z) Hz, obtaining
B′ ≤
[
6 pime c 1.9 × 103 (1 + z)1/2
σT Γ1/2 ν
1/2
s
]2/3
. (7)
Considering the typical value of Ebreak ∼ 100 keV found in
our analysis, we obtain
B′ . 13 Γ−1/32 ν
−1/3
s,100 keV Gauss . (8)
Such a small value of B′ is at odds with the expectations for
a dissipation region located at R ∼ 1013–1014 cm. Considering
a value of B′ ∼ 1015 Gauss close to the central powerhouse,
conservation of the Poynting flux (PB ∝ R2Γ2B′2=const) implies
B′ ∼ 105−106 Gauss in the emitting region, not compatible with
long cooling timescales (Ghisellini et al. 2000).
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Fig. 9. Distributions of the spectral indices of the three power-law segments of the 2SBPL model (values in Table B.2). The vertical dashed lines
are the expected values for synchrotron emission in the fast cooling regime.
6. Conclusions
GRB 160625B is one of the brightest GRBs ever detected by
Fermi-GBM during its nine years of activity. Its light curve is
composed of three distinct emission episode: a precursor, a main
event, and a long-lasting, late time, soft emission (see Fig. 1).
We performed time-integrated and time-resolved spec-
troscopy of the main event, testing different fitting models (see
§ 2.3). In particular, we introduce a new fitting function, called
2SBPL (Eq. 3), consisting of three smoothly connected power
laws. Standard models with at most two power laws (e.g. Band
and SBPL) fail to give a reasonable fit, both to the time-
integrated and time-resolved spectra. Examples of the fit with
a SBPL are shown in Fig. 3 (top panel) and Fig. 6 (top panel).
Fitting a 2SBPL model to the data, we obtain well-
constrained spectral parameters and significantly improving fits
(F-test> 3σ) both for the time-integrated spectrum and for 19
out of the 21 time-resolved spectra. The additional PL segment
(compared to the Band and SBPL functions) describes the low-
energy, hardest part of the spectrum, connected to the usual
peaked function by a break that is quite sharp.
The break energy is around 100 keV, with little evolution
in time. Moreover, the indices of the power laws below and
above the low-energy break are 〈α1〉 = −0.63 (σ = 0.08) and
〈α2〉 = −1.48 (σ = 0.09). These values are remarkably consis-
tent with those predicted for synchrotron emission from a pop-
ulation of non-thermal electrons. However, the small ratio be-
tween the peak and break energy implies that the electron pop-
ulation does not cool completely, and therefore presents a low-
energy cut-off.
In fact, when electrons injected at high energies cool, they
produce a power-law distribution N(γ) ∝ γ−2 and a correspond-
ing synchrotron spectrum of photon index α2 = −1.5. However,
if the cooling occurring in a dynamical time is incomplete, N(γ)
will have a low-energy cut-off at some energy γcool, correspond-
ing to a frequency νcool. Below νcool the synchrotron spectral
slope will have a photon index −2/3. We therefore identify νcool
with the found Ebreak.
A 2SBPL, however, is not the only possible model for the
observed spectrum. In fact, the spectral hardening below Ebreak
could be produced by adding a BB component to a typical single
break spectrum (e.g. SBPL or Band), as can be understood from
Fig. 2. On the other hand, this extra BB component must be fine
tuned in order to mimic the incomplete cooling case, and this fine
tuning must be present in each of the time-resolved spectra we
analysed. Moreover, the detailed analysis of the spectrum at the
peak of the light curve, where the 2SBPL model is a preferable
fit, gave us arguments in support of the 2SBPL model. A com-
parison between the fit probability of the two models in all the
time-resolved spectra is shown in Fig. 5: the 2SBPL probability
is always higher than or equal to the SBPL+BB probability.
Our results suggest that the observed GRB prompt spectrum
is due to synchrotron emission. If Ebreak corresponds to the νcool
of the electron population, the implied magnetic field is too small
with respect to the typically expected value in the emission re-
gion, as discussed in § 5. These results suggest that further in-
vestigation and a revision of the standard prompt emission model
seem necessary.
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Appendix A: Precursor and last emission episode
GRB 160625B is characterized by three well separated emission
episodes, as shown in the light curve of Fig. 1. The first (precur-
sor) and last episode are visible only in the NaI detectors. While
in the main text we presented the results of the analysis of the
main event, here we report on the analysis of the precursor (that
triggered the GBM) and of the last emission episode. Since the
emission is much fainter than the main event, we perform only
time-integrated analysis for both the precursor and the last event.
We fit the spectrum of the precursor from 0.002 s to 1.056 s
with two models: a BB (top panel in Fig. A.1) and a CPL
(bottom panel). The BGO data are not included in the analy-
sis. The fit with a CPL model improves the fit over the single
BB (at odds with respect to what has been found by Zhang
et al. (2016)), with a reduction of the Cash statistics5 of 214.
For the BB model, we obtain kT = 15.47+0.25−0.24 keV and an am-
plitude parameter A = 2.46+0.16−0.15 · 10−3 ph s−1 cm−2 keV−1, with
CstatBB = 495.44. For the CPL model, we obtain the slope of the
power law α = −0.21 ± −0.09, a peak energy Epeak = 70.05+1.98−1.85
keV, and an amplitude A = 0.600.12−0.10 ph s
−1 cm−2 keV−1, with a
CstatCOMP = 281.41. As can be seen from the residuals of the
BB model, this function is too narrow to account for the ob-
served spectrum. To test whether this can be caused by the tem-
poral evolution of a BB spectrum, we split the time interval of
the precursor (1.054 seconds) in three sub-intervals and perform
the analysis in each of them. Again, we find that the fit with a
CPL model is better than the BB.
The last emission episode consists of a smooth and dim pulse
of long duration. In the time interval 519.21– 800.05 s, the GBM
spectrum is best fitted by a CPL model, as shown in Fig. A.2. We
obtain the slope of the power law α = −1.50 ± −0.03 , a peak
energy Epeak = 135.4+11.2−9.4 keV, and an amplitude A = 4.5 ± 0.2 ·
10−3 ph s−1 cm−2 keV−1, with a CstatCOMP = 518.03.
In this time interval the LAT emission becomes relevant
(Troja et al. 2017, e.g.). We fit the LAT data alone and the spec-
trum is best fitted by a power law with spectral index γ = −1.98±
0.22 and normalization N = (1.61±0.43)×10−5ph cm−2 s−1. The
LAT spectrum is then inconsistent with the extrapolation of the
GBM spectrum to the highest energies.
Appendix B: Tables
5Due to the reduced photon flux, these spectra are fitted with the
Cash statistics.
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Fig. A.1. Top panel: EFE spectrum of the precursor (0.002–1.056 s) fit-
ted with a single BB (dotted line). Error bars on the data points denote
the 1σ confidence level. The 3σ upper limits are shown with arrows.
Residuals in units of σ are shown in the bottom stripe. Bottom panel:
Same spectrum fitted with the CPL model.
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Fig. A.2. Spectrum of the last emission episode (281 seconds in width)
of the GRB 160625B fitted with the CPL model.
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Table B.1. Best fit parameters for the SBPL model for the main emission episode of GRB 160625B.
Time Bin Norm. α Epeak β Photon Flux Energy Flux (10−5) χ2/DOF Prob
[s] [keV] [ph s−1 cm−2] [erg s−1 cm−2]
186.40 - 187.43 2.16+0.4−0.44 −0.84+0.04−0.06 357.0+81.9−84.1 −1.81+0.03−0.07 20.29 ± 0.44 2.6 ± 0.2 464.3 / 464 0.49
187.43 - 188.45 4.19+0.39−0.41 −0.67+0.02−0.03 278.5+20.1−21.2 −1.9+0.02−0.02 79.93 ± 0.68 8.5 ± 0.2 634.3 / 464 6.3 · 10−8
188.45 - 189.47 8.93+0.5−0.54 −0.6+0.01−0.02 230.8+7.62−8.47 −1.98+0.01−0.01 213.0 ± 1.1 17.6 ± 0.2 1053.6 / 464 8.13 · 10−48
189.47 - 190.50 9.91+0.6−0.58 −0.65+0.01−0.02 456.5+29.4−22.4 −2.06+0.01−0.01 172.84 ± 1.0 10.7 ± 0.2 819.3 / 464 4.6 · 10−22
190.50 - 191.52 7.98+0.55−0.65 −0.7+0.02−0.02 282.3+13.7−9.2 −2.17+0.02−0.03 98.33 ± 0.78 4.2 ± 0.1 543.3 / 464 0.01
191.52 - 192.55 8.63+0.65−0.8 −0.76+0.02−0.03 229.2+12.7−7.33 −2.22+0.02−0.05 77.82 ± 0.72 2.7 ± 0.1 458.4 / 464 0.56
192.55 - 193.57 8.33+0.59−0.64 −0.71+0.02−0.02 235.1+8.24−6.54 −2.29+0.02−0.04 92.95 ± 0.77 3.2 ± 0.1 499.6 / 464 0.12
193.57 - 194.59 9.29+0.66−0.57 −0.7+0.02−0.02 300.0+11.2−7.44 −2.25+0.02−0.02 122.75 ± 0.86 5.4 ± 0.1 644.3 / 464 5.5 · 10−8
194.59 - 195.62 10.56+0.64−0.67 −0.7+0.02−0.02 293.6+9.6−7.33 −2.26+0.01−0.03 135.13 ± 0.9 5.7 ± 0.1 694.9 / 464 1.8 · 10−11
195.62 - 196.64 9.46+0.58−0.66 −0.71+0.02−0.02 279.6+8.78−7.63 −2.29+0.02−0.03 117.21 ± 0.84 4.7 ± 0.1 644.0 / 464 5.7 · 10−8
196.64 - 197.67 10.67+0.69−0.85 −0.79+0.02−0.02 287.9+11.1−9.77 −2.32+0.02−0.05 94.06 ± 0.79 3.5 ± 0.1 570.3 / 464 5 · 10−4
197.67 - 198.69 10.21+0.75−0.7 −0.77+0.02−0.02 316.8+14.4−9.64 −2.25+0.02−0.03 99.4 ± 0.8 4.2 ± 0.1 565.2 / 464 9 · 10−4
198.69 - 199.71 9.61+0.69−0.63 −0.76+0.02−0.02 323.0+13.3−9.26 −2.34+0.02−0.04 103.34 ± 0.8 4.3 ± 0.1 654.9 / 464 1.1 · 10−8
199.71 - 200.74 10.44+0.63−0.64 −0.72+0.01−0.02 472.3+18.5−16.7 −2.13+0.01−0.02 145.68 ± 0.92 9.1 ± 0.2 688.0 / 464 5.9 · 10−11
200.74 - 201.76 9.74+0.6−0.63 −0.7+0.02−0.02 368.6+14.1−11.8 −2.16+0.01−0.02 133.83 ± 0.9 7.0 ± 0.1 606.6 / 464 8.8 · 10−6
201.76 - 202.79 12.89+0.94−0.73 −0.79+0.02−0.01 324.9+14.2−8.65 −2.35+0.02−0.03 118.86 ± 0.86 4.8 ± 0.1 653.5 / 464 1.4 · 10−8
202.79 - 203.81 12.37+0.76−1.01 −0.86+0.02−0.02 297.4+13.0−11.0 −2.35+0.02−0.06 83.57 ± 0.74 3 ± 0.1 530.4 / 464 0.02
203.81 - 204.83 9.67+0.8−0.79 −0.85+0.02−0.02 323.1+21.3−12.3 −2.24+0.03−0.05 67.53 ± 0.68 2.7 ± 0.1 504.3 / 464 0.1
204.83 - 205.86 8.33+0.68−0.59 −0.81+0.02−0.02 261.8+11.4−8.74 −2.32+0.03−0.04 64.98 ± 0.67 2.2 ± 0.1 511.7 / 464 0.06
205.86 - 206.88 6.63+0.6−0.77 −0.78+0.02−0.03 203.4+11.6−7.01 −2.31+0.03−0.07 54.05 ± 0.64 1.6 ± 0.1 480.4 / 464 0.29
206.88 - 207.91 6.74+0.71−0.92 −0.84+0.03−0.04 253.0+81.6−14.6 −2.13+0.03−0.09 42.8 ± 0.58 1.5 ± 0.1 508.3 / 464 0.08
Table B.2. Best fit parameters for the 2SBPL model for the main emission episode of GRB160625B.
Time Bin Norm. α1 Ebreak α2 Epeak β Photon Flux Energy Flux (10−5) χ2/DOF Prob. σ(Ftest)
[s] [keV] [keV] [ph s−1 cm−2] [erg s−1 cm−2]
186.40 - 187.43 1.8+0.32−0.26 −0.8+0.04−0.04 196.7+31.2−26.3 −1.53+0.04−0.05 6596.0+1220.0−1400.0 −3.88+1.02−1.03 20.16 ± 0.44 2.3 ± 0.1 438.2 / 462 0.78 4.8
187.43 - 188.45 2.68+0.32−0.31 −0.55+0.03−0.03 138.1+11.5−12.1 −1.45+0.04−0.05 2458.0+258.0−248.0 −2.4+0.09−0.09 79.58 ± 0.69 7.7 ± 0.2 487.7 / 462 0.2 > 8.4
188.45 - 189.47 5.9+0.4−0.37 −0.48+0.02−0.02 127.7+5.25−4.92 −1.49+0.03−0.03 1547.0+87.2−73.1 −2.54+0.05−0.05 213.67 ± 1.1 15.8 ± 0.2 494.0 / 462 0.15 > 8.4
189.47 - 190.50 6.87+0.49−0.5 −0.54+0.02−0.02 114.4+5.16−5.65 −1.52+0.03−0.04 1098.0+68.6−71.9 −2.54+0.04−0.06 173.91 ± 1.0 10.0 ± 0.2 505.7 / 462 0.08 > 8.4
190.50 - 191.52 5.73+0.54−0.56 −0.6+0.02−0.03 98.17+6.33−7.22 −1.54+0.05−0.07 621.6+45.8−54.4 −2.54+0.05−0.09 99.09 ± 0.79 4.0 ± 0.1 451.1 / 462 0.63 > 8.4
191.52 - 192.55 7.76+0.72−0.81 −0.73+0.02−0.03 107.4+6.63−8.89 −1.78+0.05−0.1 574.6+65.8−114.0 −2.76+0.08−0.24 78.41 ± 0.73 2.5 ± 0.1 422.9 / 462 0.9 5.8
192.55 - 193.57 6.26+0.65−0.69 −0.63+0.03−0.03 99.2+8.49−10.2 −1.51+0.08−0.12 387.1+30.8−39.3 −2.53+0.05−0.09 93.29 ± 0.78 3.1 ± 0.1 456.6 / 462 0.56 6.1
193.57 - 194.59 5.97+0.53−0.55 −0.57+0.02−0.03 102.3+6.25−7.2 −1.48+0.04−0.05 608.2+26.5−34.5 −2.71+0.04−0.09 123.2 ± 0.87 5.0 ± 0.1 451.8 / 462 0.62 > 8.4
194.59 - 195.62 6.78+0.56−0.58 −0.58+0.02−0.03 102.0+5.81−6.67 −1.49+0.04−0.05 590.8+24.1−33.3 −2.72+0.04−0.08 135.62 ± 0.91 5.3 ± 0.1 485.0 / 462 0.22 > 8.4
195.62 - 196.64 6.13+0.54−0.57 −0.58+0.02−0.03 102.1+6.15−7.42 −1.51+0.04−0.06 559.0+23.9−35.4 −2.79+0.05−0.1 117.59 ± 0.85 4.3 ± 0.1 474.0 / 462 0.34 > 8.4
196.64 - 197.67 5.76+0.73−0.9 −0.61+0.04−0.05 83.06+8.38−11.8 −1.42+0.05−0.08 531.4+28.2−48.6 −2.83+0.08−0.17 94.23 ± 0.79 3.2 ± 0.1 459.4 / 462 0.53 > 8.4
197.67 - 198.69 6.22+0.69−0.76 −0.63+0.03−0.04 92.24+8.86−11.0 −1.41+0.05−0.07 570.5+28.9−37.9 −2.62+0.04−0.1 99.66 ± 0.8 4.0 ± 0.1 453.0 / 462 0.61 > 8.4
198.69 - 199.71 5.13+0.55−0.61 −0.58+0.03−0.04 94.75+7.6−9.5 −1.42+0.04−0.06 606.4+23.5−37.7 −2.95+0.06−0.14 103.02 ± 0.81 3.9 ± 0.1 468.4 / 462 0.41 > 8.4
199.71 - 200.74 6.19+0.56−0.55 −0.57+0.02−0.03 108.7+8.69−8.86 −1.34+0.04−0.05 824.2+41.7−40.8 −2.4+0.03−0.04 145.38 ± 0.93 8.6 ± 0.2 499.0 / 462 0.11 > 8.4
200.74 - 201.76 6.38+0.6−0.58 −0.58+0.02−0.03 105.4+8.73−9.08 −1.38+0.05−0.06 660.5+36.5−37.8 −2.39+0.03−0.04 134.32 ± 0.91 6.8 ± 0.1 476.8 / 462 0.31 > 8.4
201.76 - 202.79 7.55+0.68−0.73 −0.64+0.02−0.03 102.2+7.29−8.81 −1.48+0.04−0.05 621.9+22.7−34.4 −3.0+0.06−0.13 118.41 ± 0.86 4.3 ± 0.1 423.9 / 462 0.9 > 8.4
202.79 - 203.81 9.27+0.89−1.07 −0.77+0.03−0.04 113.3+12.4−17.5 −1.51+0.06−0.12 482.3+27.0−50.6 −2.74+0.05−0.18 83.6 ± 0.75 2.8 ± 0.1 485.3 / 462 0.22 6.1
203.81 - 204.83 6.62+0.87−1.12 −0.74+0.04−0.06 94.78+14.5−21.8 −1.42+0.07−0.13 530.4+41.6−59.2 −2.56+0.06−0.16 67.72 ± 0.69 2.5 ± 0.1 468.3 / 462 0.41 5.5
204.83 - 205.86 6.28+0.71−0.79 −0.73+0.03−0.04 105.1+10.6−14.0 −1.56+0.07−0.12 463.8+32.5−55.7 −2.83+0.09−0.23 65.16 ± 0.68 2.0 ± 0.1 470.7 / 462.0 0.38 5.9
205.86 - 206.88 4.76+0.91−0.98 −0.67+0.05−0.08 81.74+20.2−25.8 −1.33+0.13−0.24 261.8+25.5−30.2 −2.44+0.05−0.12 54.08 ± 0.64 1.5 ± 0.1 472.2 / 462.0 0.36 2.4
206.88 - 207.91 0 0 0 0 0 0 0 0 0 0 0
Table B.3. Best fit parameters for the SBPL+BB model for the main emission episode of GRB160625B.
Time Bin Norm. α Epeak β BB Norm. (10−5) kT Photon Flux Energy Flux(10−5) χ2/DOF Prob
[s] [keV] [ph s−1 cm−2 keV−1] [keV] [ph s−1 cm−2] [erg s−1 cm−2]
186.40 - 187.43 4.67+0.72−0.69 −1.11+0.03−0.04 3462.0+609.0−333.0 −2.46+0.2−0.31 0.6+0.2−0.2 66.3+8.68−6.88 20.53 ± 0.44 2.4 ± 0.1 449.2 / 462 0.66
187.43 - 188.45 5.6+0.68−0.68 −0.83+0.03−0.03 1450.0+152.0−95.5 −2.09+0.03−0.04 7.5+1.7−1.2 43.7+3.07−3.33 79.61 ± 0.69 8.0 ± 0.2 523.0 / 462 0.03
188.45 - 189.47 15.07+0.97−0.94 −0.84+0.02−0.02 997.2+30.1−27.1 −2.28+0.02−0.02 25.0+2.0−1.9 44.44+1.29−1.27 213.39 ± 1.1 16.1 ± 0.2 567.1 / 462 5.8 · 10−4
189.47 - 190.50 15.5+1.1−1.15 −0.86+0.02−0.02 747.2+25.6−24.8 −2.31+0.02−0.03 33+3.5−2.9 37.01+1.25−1.35 174.25 ± 1.0 10.4 ± 0.2 547.1 / 462 3.8 · 10−3
190.50 - 191.52 12.86+1.28−1.28 −0.93+0.02−0.03 538.4+29.6−29.8 −2.42+0.03−0.07 29+4.0−3.6 32.04+1.48−1.52 99.34 ± 0.79 4.1 ± 0.1 458.9 / 462 0.53
191.52 - 192.55 17.09+1.95−2.4 −1.04+0.03−0.05 484.0+42.0−52.0 −2.47+0.05−0.12 26.0+3.7−3.3 31.19+1.51−1.84 78.58 ± 0.73 2.6 ± 0.1 434.7 / 462 0.81
192.55 - 193.57 12.08+1.35−1.71 −0.9+0.03−0.05 388.2+25.5−34.9 −2.46+0.04−0.07 30.0+5.5−4.2 30.05+1.68−2.27 93.47 ± 0.78 3.2 ± 0.1 459.9 / 462 0.52
193.57 - 194.59 13.52+1.02−1.18 −0.9+0.02−0.02 553.9+17.1−21.4 −2.59+0.03−0.06 30.0+3.8−3.1 34.22+1.23−1.44 123.53 ± 0.87 5.1 ± 0.1 456.5 / 462 0.56
194.59 - 195.62 15.25+1.07−1.25 −0.9+0.02−0.02 540.6+15.8−20.1 −2.6+0.03−0.06 34.0+4.0−3.3 33.82+1.13−1.32 136.01 ± 0.91 5.5 ± 0.1 488.6 / 462 0.19
195.62 - 196.64 13.63+1.06−1.27 −0.9+0.02−0.02 513.0+16.3−22.3 −2.64+0.03−0.07 31.0+4.1−3.3 33.34+1.24−1.49 118.0 ± 0.85 4.5 ± 0.1 484.5 / 462 0.23
196.64 - 197.67 11.59+1.14−1.65 −0.9+0.02−0.04 451.6+20.5−34.5 −2.59+0.04−0.1 36.0+9.7−5.8 27.5+1.59−2.33 94.58 ± 0.8 3.4 ± 0.1 476.7 / 462 0.31
197.67 - 198.69 13.1+1.09−1.31 −0.92+0.02−0.03 526.7+20.2−25.7 −2.53+0.03−0.07 26.0+4.7−3.6 31.44+1.53−1.84 99.99 ± 0.81 4.1 ± 0.1 461.0 / 462 0.5
198.69 - 199.71 11.44+1.03−1.04 −0.89+0.02−0.02 536.9+19.2−20.8 −2.73+0.05−0.08 25.0+4.0−3.4 32.97+1.71−1.72 103.42 ± 0.81 4.1 ± 0.1 487.6 / 462 0.2
199.71 - 200.74 12.47+1.03−1.06 −0.84+0.02−0.02 683.1+24.8−25.4 −2.31+0.02−0.03 22.0+3.7−2.9 36.65+1.99−2.1 145.72 ± 0.93 8.8 ± 0.2 518.8 / 462 0.03
200.74 - 201.76 12.8+1.04−1.08 −0.85+0.02−0.02 586.9+22.7−23.6 −2.33+0.02−0.03 25.0+3.7−3.1 34.79+1.63−1.73 134.58 ± 0.91 7.0 ± 0.1 479.8 / 462 0.27
201.76 - 202.79 16.79+1.16−1.37 −0.95+0.02−0.02 562.9+15.1−21.1 −2.8+0.04−0.09 26.0+3.7−2.9 34.25+1.36−1.6 118.77 ± 0.86 4.4 ± 0.1 433.6 / 462 0.82
202.79 - 203.81 17.12+1.36−1.9 −1.01+0.02−0.03 470.8+21.6−34.5 −2.63+0.04−0.13 15+3.4−2.5 33.31+1.92−2.65 83.83 ± 0.75 2.8 ± 0.1 489.0 / 462 0.19
203.81 - 204.83 12.32+1.21−1.76 −0.98+0.02−0.04 490.3+30.5−44.7 −2.46+0.04−0.11 15.0+5.1−3.3 30.16+2.36−3.36 67.95 ± 0.69 2.6 ± 0.1 473.9 / 462 0.34
204.83 - 205.86 12.75+1.19−1.66 −1.0+0.02−0.04 458.7+22.8−38.2 −2.7+0.06−0.17 17.0+3.5−2.7 31.93+1.75−2.38 65.37 ± 0.68 2.1 ± 0.2 472.2 / 462 0.36
205.86 - 206.88 8.45+1.48−2.13 −0.91+0.05−0.1 288.4+33.6−45.7 −2.43+0.04−0.12 23.0+10.7−6.3 25.15+2.63−4.92 54.18 ± 0.64 1.5 ± 0.2 471.0 / 462 0.38
206.88 - 207.91 0 0 0 0 0 0 0 0 0 0
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